each plot, and plant litter in the same quadrat was also collected. All plant samples 161 were oven-dried at 70°C for 48 h and weighed to determine biomass. 162
Soil bulk density was measured by calculating the ratio of the oven-dried mass 163 (105C) of soil to bulk soil volume. Soil C, soil N, and plant N were determined using 164 elemental analysis (Analysensysteme, Germany). 165
The biomass and structure of the soil microbial community was assessed by 166 phospholipid fatty acids (PLFA) analysis using the method described by Frostegard & 167 Baath (1996) . The resultant fatty acid methyl esters were separated, quantified, and 168 identified using capillary gas chromatography (GC). Qualitative and quantitative fatty 169 acid analyses were performed with an Agilent 6890 gas chromatograph (Agilent 170
Technologies, Palo Alto, CA) and the MIDI Sherlock Microbial Identification System 171 (MIDI, Newark, DE, USA). The concentration of each individual phospholipid fatty 172 acid (PLFA) (among the 25 most abundant PLFAs) was expressed as nmol g -1 dry 173 soil in a given sample based on an internal standard (methyl ester C19:0, 174 Sigma-Aldrich). Using bulk density values, these concentrations were expressed in 175 units of mol m -2 . Total fatty acids were used to represent total soil microbial biomass. 176
The fatty acids i-14:0, i-15:0, a-15:0, i-16:0, 16:1ω9, i-17:0, a-17:0, 17:0-cyclo, 177 18:1ω9 and 19:0-cyclo were pooled to represent bacterial PLFA biomass; 18:2ω6 was 178 used as an indicator of fungal biomass (representing decomposer fungi, but not 179 arbuscular mycorrhizal fungi) (Frostegard and Baath, 1996) , and 16:1ω5c was used as 180 an indicator of arbuscular mycorrhizal fungal (AMF) biomass. The ratio of fungal to 181 bacterial PLFA was taken to represent the relative abundance of these two groups. 182 Soil microbial C and N were estimated using the chloroform 183 fumigation-extraction method (Vance et al., 1987) . Briefly, fresh soil samples were 184 transferred to the lab, and field moist samples (15 g dry weight equivalent) were 185 fumigated for 24 h with ethanol-free CHCl 3 . The fumigated and unfumigated samples 186 were then extracted with 60 ml of 0.5M K 2 SO 4 for 30 min on a shaker. K 2 SO 4 extracts 187 were filtered through 0.45 μm filters and frozen at -20C prior to analysis for 188 extractable C and N by an elemental analyzer (liquid TOC, Analysensystem, 189
Germany) and Kjeldahl digestion, respectively. Microbial C and N were calculated as 190 the difference between extractable C and N in the fumigated and the unfumigated 191 samples using a conversion factor of 0.45 (Liu et al., 2016) . MBC in the BAY and 192 AER sites was not determined due to instrument failure. 193
Statistical analysis 194
We used univariate linear regression to assess how the measurements of 195 ecosystem properties, including soil moisture (0-10 cm), plant aboveground biomass, 196 microbial PLFA biomass, plant and microbial community composition varied along 197 with the snow depth for each site. To assess whether those ecosystem properties were 198 more sensitive to changes in snow depth at the drier sites, we extracted the regression 199 slopes from each sites and used linear model to evaluate whether the slopes decreased 200 along with the increase in MAP across sites. We also used linear model to explore the 201 relationships between soil moisture and soil microbial or aboveground biomass at 202 each site. 203
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To determine how changes in snow depth affect plant-microbe relationship, we 204 conducted linear regressions between total microbial PLFAs and plant biomass across 205 sites for each snow transect. We took the slopes from these regressions as an index of 206 the plant-microbial relationship (i.e. positive slope = positive relationship) and 207 compared the differences in slopes among the 7 snow depth transects by one-way 208 ANOVA. All statistical analyses were performed with R 3.2.2 (R Development Core 209 Team). Significance was accepted at P value <0.05 level of probability. 210 211
Results

212
Soil moisture 213
Soil moisture increased significantly with increase in snow depth for 5 sites with 214 lower MAP (225, 247, 280, 283, 314 mm) , but no significant pattern was observed at 215 the other 3 sites with higher MAP (301, 368 and 375 mm, Fig. 1a ). When pooling all 216 sites together, the slopes between soil moisture and snow depth decreased linearly 217 with MAP levels (Fig. 1b) . 218
Biomass and N pools of soil microbes and plants 219
Total PLFAs and plant biomass increased with increase in snow depth, although 220 such correlations were significant only at the low MAP sites (Figs. 2a and 3c ). The 221 responses of both soil microbial and plant biomass N pools were consistent with the 222 responses of total PLFAs and plant biomass at each site, respectively (Figs. 3a and 3c) . 223
Except for soil microbial biomass N pool, the slopes of those variables against snow 224 depth negatively correlated with MAP levels (Figs. 2b, 2d, 3b and 3d) . Changes in 225 snow depth did not affect soil N pool across all sites (Figs. 3e and 3f) . 226
Community composition of soil microbes and plants 227
Similarly, fungi:bacteria ratio (Fig 4a) , AMF abundance (Fig 4c) , grass biomass 228 (Fig 5a) and grass: forb ratio (Fig 5e) tended to increase with increase in snow depth, 229 but the significant correlations were only found at the low MAP sites. When pooling 230 all sites together, the slopes of F:B ratio (Fig 3b) , AMF abundance (Fig 3d) , grass 231 biomass (Fig 4b) and grass: forb ratio (Fig 4f) against snow depth all declined along 232 with the increase in MAP (Figs. 2b and 2d) . No significant pattern was observed for 233 forb biomass (Fig 4c and 4d ) 234
Plant-microbe correlations 235
We also pooled data for each snow transect and assessed whether changes in 236 snow depth will alter the relationships between plants and microbes across the 237 precipitation gradient. Microbial PLFA biomass correlated positively with plant 238 biomass at the snow-reduced and the ambient snow transects (Figs. 6a and b) . 239 However, the regression slopes declined with increasing snow depth, becoming 240 negative at the transect with deepest snow (Figs. 6c-g ). The regression slopes were 241 significantly different among the 7 snow transects (Fig. 6h) . 242 243
Discussion
244
Our findings indicate that increasing snow depth stimulated plant and soil 245 microbial growth, and altered their community composition in temperate steppes, but 246 14 these effects diminished with increasing MAP levels. The stimulation in plant and 247 microbial biomass at the low MAP sites could be due to alleviation of water stress 248 from increased snowmelt (Loik et al., 2013) . In Inner Mongolia, plant growth during 249 spring highly relied on snow water, especially in the dry steppes (Peng et al., 2010) . 250
The greater sensitivity of plant and microbial productivity to increase in snow depth 251 under lower MAP levels is similar to the more pronounced plant productivity 252 responses to rainfall in the drier regions (Haverd et al., 2017) . In addition, we found 253 that soil moisture during summer time was significant higher at transects with deeper 254 snow at five low MAP sites (Fig.1a) , implying that the effects of snow on soil 255 moisture could persist until the summer. This could be due to that increasing winter 256 snow amount enhanced soil water holding capacity by increasing litter layer thickness 257 and root density (Loik et al., 2013) . Our findings indicated that the amount of winter 258 snow direct or indirectly regulated soil water availability in temperate steppes, and 259 this effect can even last till summer. How winter snow contributes to ecosystem water 260 use efficiency should be assessed in future studies. 261
Plant and microbial communities are expected to respond and adapt to 262 environmental changes in the long-term (Walker and Wardle, 2014) . Grassland 263 productivity in Inner Mongolia is co-limited by water and N (Bai et al., 2004; Niu et 264 al., 2010) . When water limitation is alleviated via greater snowmelt inputs, plants and 265 microbes would require more nutrients to support their growth. Indeed, we found that 266 increasing snow depth increased the size of plant and microbial N pools at the low 267 MAP sites (Figs. 3a and 3c ), but soil N pool did not change at any site (Fig. 3e) . In 268 this situation, species with higher capacity to acquire nutrients or with higher nutrients 269 use efficiency could become more dominant (Gong et al., 2011; Yang et al., 2011) . 270
Indeed, we found that grass biomass, which have higher C:N ratios ( Fig. S4) and 271 denser root systems than forbs, increased with greater snow at the low MAP sites. The 272 high fine root biomass of grasses could reduce nutrient leaching during snow melt 273 (Kreyling et al., 2012) . Furthermore, the denser root systems could increase AMF 274 infection as we found AMF increased with snow depth (Fig. 4c) , which should 275 facilitate nutrient transfer from soils to plants (Hodge et al., 2000; Phillips et al., 276 2013) . 277
There is a great interest in exploring how environmental change-induced shift of 278 community will alter the pattern of ecological processes (Estiarte et al., 2016; Knapp 279 et al., 2017) . Our study showed that increasing snow amount generally stimulated 280 plant and microbial biomass at the low MAP sites, but did not alter them at the high 281 MAP sites. The differential responses to snow amount could alter the relationship 282 between plants and microbes. Indeed, we found that there were positive relationships 283 across sites between plant and microbial biomass at the two shallow snow transects 284 ( Ayres, E., Nkem, J., Wall, D., Adams, B., Barrett, J.E., Simmons, B., Virginia, R., Fountain, A., 2010.
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